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SUMMARY TABLES FOR SELECTED DIGITAL IMAGE PROCESSING SYSTEMS

By

Virginia Carter 
Frederic Billingsley 
Jeannine Lamar

ABSTRACT

The exploration of earth from space has greatly increased the demand for 

computer systems of great speed and complexity.

Because it has proved difficult to make comparisons between systems in an 

orderly fashion, a set of five tables have been developed for the comparison 

of digital image processing systems. The tables have been compiled for six 

U.S. manufactured hardware/software systems. Three U.S. software systems 

are included in the tables also.

The tables and the System Summaries have been prepared primarily from in 

formation supplied by the manufacturers. While some rewording has been 

done to make the descriptions parallel, the manufacturers' wording has been 

retained to a large extent.

INTRODUCTION

The exploration of Earth from space has greatly increased the demand for 

computer systems of great speed and complexity. Among the many functions 

of these computer systems is the processing of digital images such as those 

produced by Landsat (formerly Earth Resources Xecnn°l°9y Satellite - ERTS). 

There has been a proliferation of digital image processing systems, both 

hardware/software and software, to analyze these data.



Because it has proved difficult to make comparisons between systems in an 

orderly fashion, a set of five tables have been developed for the comparison 

of digital image processing systems. The tables have been compiled for six 

U.S. manufactured hardware/software systems: 1) the General Electric (GE) 

IMAGE-100, 2) the Bendix Multispectral Data Analysis System (MDAS), 3) the 

Electronics Systems Laboratory (ESL) Interactive Digital Image Manipulation 

System (IDIMS), 4) the Comtal Corporation (CC) Series 9 System, 5) the 

International Imaging Systems, Inc. (I 2S) System 101, and 6) the Interpreta 

tion Systems Incorporated (ISI) System 470.

Three U.S. software systems are i 

Propulsion Laboratory (JPL) Video

2) the Laboratory for Applications of

3) the University of Kansas KANDIDATS 

rapidly, and other systems may be add

included in the tables also: 1) the Jet 

Communication and Retrieval (VICAR) System, 

Remote Sensing (LARS) System, and 

System. The tables can be updated 

5d using the same tabular format.

Isolated pieces of hardware performing 

single purpose systems where processing 

are not included.

These tables are intended for system 

There are many existing digital image 

different in concept or operation, 

these tables, nor can there ever be, 

a system for a particular use. The 

subjective judgements on the systems, 

to take into account such parameters

only part of a system function and all 

is only done as a display function

comparison and not systems evaluation, 

processing systems; each is slightly 

There is not sufficient information in 

to make them the sole basis for choosing 

authors have deliberately avoided making

The selection of a system will have 

as operating speed (especially for the



multispectral classification, if that is a prime use of the equipment), 

the flexibility with which other operations are possible, the ease of 

communication with the system during operations, the ease of writing and 

implementing new functions, and the cost of the system.

Finally, the tables have been designed for use by analysts with some degree 

of familiarity with image processing. They cannot serve as a training

course in image processing. The reader desiring additional information
* 

is encouraged to refer to the extensive literature on the subject. For

clarification, some terms used herein are defined following the tables.

The tables and the System Summaries have been prepared primarily from 

information supplied by the manufacturers. While some rewording has been 

done to make the descriptions parallel, the manufacturers' wording has 

been retained to a large extent.

SYSTEM SUMMARIES 

G.E. IMAGE-100

An interactive image analysis system designed for multispectral classification 

of satellite and aircraft multispectral scanner data, with limited general- 

purpose processing available. The hardware system includes a PDPll-class 

computer, an interactive image analysis console containing a hardware 

classifier and other specialized processing functions, five channels of 

memory for image processing and display refresh with thematic overlay capa 

bility, and a color display.

Sold as a complete system with proprietary software. Can be expanded and(or) 

reconfigured to meet specialized user requirements.



General Electric Company
Space Division
P.O. Box 2500
Daytona Beach, Florida 32015
(904) 258-2924
Contact: Robert W. Towles

Manager, Image Processing Applications

BENDIX MDAS

A combination hardware-software system designed primarily for multispectral 

classification of satellite and aircraft multispectral scanner data, with 

limited general purpose software processing available. The hardware system 

includes a PDP-11 and an interactive image analysis console containing a 

hardware classifier and some specialized processing functions. The system 

can process up to 16 channels of image data simultaneously and has a solid- 

state refreshed 3-color display with graphic overlay.

Sold as a complete system with proprietary software. Can be expanded to 

meet user requirements.

The Bendix Corporation
Aerospace Systems Division
3621 S. State Road
Ann Arbor, Michigan 48107
(313) 665-7766
Contact: Mr. Charles L. Wilson

Manager, Earth Resources Applications

I 2S SYSTEM 101

An interactive multi-user digital image processing system including multi- 

spectral analysis and an expandable set of general purpose algorithms. The 

hardware consists of a Hewlett-Packard 3000 Series II Computer with disc 

image storage and user console containing up to 14 channels of refresh 

memory, with hardware processing at video rate, a programmable floating 

point image array processor and color displays.



Sold as a specific complete system with proprietary software, configured 

to user requirements.

International Imaging Systems 
Division of Stanford Technology Corporation 
650 North Mary Avenue 
Sunnyvale, California 94086 
(408) 737-0200
Contact: Mr. Paul Papathakis 

Director of Marketing

ESL IDIMS

A combination hardware-software system for general purpose interactive, 

multi-user image processing including multispectral analysis and classifi 

cation. Hardware includes: Hewlett-Packard 3000 Series 11 computer, 

interactive processing console including a programmable array processor, 

3 or more channels of refresh memory with video color display; refresh 

memory is CCD or random access. Software can also process collateral data.

Sold as a complete system with proprietary software with configuration 

tailored to user needs.

Electromagnetic Systems Laboratories, Inc.
495 Java Drive
Sunnyvale, California 94086
(408) 734-2244
Contact: Dr. James E. Burke

Manager, Image Data Systems

COMTAL SERIES 9

A complete stand-alone system designed for both multispectral data classifi 

cation and general purpose image analysis and enhancement of up to four 

separate image planes simultaneously. It incorporates a combination of 

hardware and software functions to provide maximum processing speed and



capability while maintaining complete functional flexibility. Changes in 

algorithms and processing techniques may be implemented by software changes. 

Major subsystems are magnetic tapes, computer, and 8000 Series display.

Comtal Corporation
169 North Hal stead
Pasadena, California 91107
(213) 793-2134
Contact: Dr. John Tahl, President

ISI SYSTEM 470 AND SAND

Combination hardware-software systems for general purpose image processing 

and multispectral analysis. Swing (proprietary) software and digital computer 

and peripherals are the same in both; 470 contains real-time video processing 

and 600 image video disc store; SAND is RAM (Random Access Memory)-based for 

interactive computer graphics applications.

Specific configurations may be tailored to user needs.

Interpretation Systems Incorporated
P.O. Box 1007
Lawrence, Kansas 66044
(913) 842-5678
Contact: Mr. Jerry D. Lent

Director, International Marketing

KANDIDATS

KANDIDATS is a digital image processing system that interacts with the user
e=

at the command string level. It includes prompting for parameter input and 

checks user input for errors. Image analysis programs available in KANDIDATS 

consist of utility functions, image transform operations, spatial clustering, 

and Bayesian classification. Programming structure and file structure are 

modular.



Dr. Robert Haralick 
Space Technology Center 
University of Kansas 
Lawrence, Kansas 66045 
(913) 864-3542

JPL VICAR

A Fortran-based expandable general purpose image processing software system. 

It includes a wide variety of general purpose algorithms including multi- 

spectral analysis and computation. Implemented at JPL initially on IBM-360/ 

44; recently modified to 360/65. Computer peripherals serviced by the 

system include: 2 Comtal interactive consoles, a Ramtek refresh memory, a 

quick look Polaroid hardcopy output, and off-line film recording.

Software system available from COSMIC includes documentation and listings.

Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, California 91103 
(213) 354-5016 
Contact: Mr. William B. Green

Section Manager, Science Data Analysis Section

PURDUE LARSYS

Combination hardware-software image processing facility at the Laboratory 

for Applications of Remote Sensing (LARS) in West Lafayette, Indiana. 

System is used locally and also supports remote terminals via phone line. 

The software system (LARSYS) is primarily designed for multispectral 

classification, but also includes limited general purpose image processing. 

Hardware is an IBM-360/67 plus an interactive console containing a black- 

and-white video display with facilities for black-and-white and color 

photographic output.



System hardware is not for sale, but several terminals are available 

throughout the country and at West Lafayette. System software is available 

through COSMIC.

Purdue University
Laboratory for Applications of Remote Sensing (LARS)
Purdue Industrial Research Park
1220 Potter Drive
West Lafayette, Indiana 47906
(317) 749-2052
Contact: Mr. Terry L. Phillips

Deputy Director, System Services
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DEFINITIONS

These definitions are generally arranged in the order in which they occur 

in the tables. Definition of all the terms used is not possible within 

the scope of this paper.

GENERAL PURPOSE IMAGE PROCESSING (Table 1): The entire gamut of possible 

operations on a picture, including radiometric and geometric alterations, 

various diagnostic procedures and displays, image analysis, and enhance 

ments such as contrast stretching and spatial filtering. This includes 

all of the processes leading to the extraction of useful information from 

an image such as mapping, radiometric information extraction, multispectral 

analysis and classification, calibration and application of calibration 

data (rectification), change detection, and image data base operations. 

This does not imply that all systems have all of these functions, nor that 

the list is necessarily complete.

Radiometric Correction - Application of calibration data or cosmetic cleanup 

to remove visible radiometric artifacts.

* Landsat debanding - Landsat imagery generally suffers from a banding

effect due to unbalance in the various sensors. This may be mitigated

by application of calibration data or by line-by-line cosmetic cleanup.

* Photographic Correction - Framing cameras produce non-uniformity of 

radiometric response over the face of the images. This shading may be 

removed if calibration data is available.

* Other - Pixel noise may be removed by frame-to-frame averaging.

36



Atmospheric radiometric distortions require special procedures to 

estimate and correct.

Digital Level Slicing - Conversion of the brightness or digital number (DN) 

continuum to series of steps in each of which an assigned DN is substituted 

for a range of original DN. Each step may later be assigned a unique color.

Contrast Stretch - An alteration of the DN scale, usually to convert an 

input restricted DN range to an expanded output DN range. This may be 

linear or non-linear, as desired. Usually done by table lookup for 

computer efficiency.

Geometric Corrections - All sensors will produce images with some geometric 

warping. A primary example is the Landsat MSS, which, being a line scanner, 

requires 14 types of corrections.

* Internal - The principal MSS corrections required are those for inter- 

sensor pixel displacements, non-linearity of the scan itself and 

horizontal/vertical unequalities in the pixel spacing. Also, for 

framing cameras, raster, film, and lens distortions must be corrected.

* External - Correction for external effects such as spacecraft attitude 

and altitude, projection onto the round Earth, Earth rotation, and the 

various warpings required to register images to maps or to other images.

Geometric Warping - The geometric warping process is broken into two parts: 

determination of the warping function required over the face of the image, 

and the interpolations of DN required to generate the matrix of output pixels

37



Registration - Determination of the geometric warping function.

* Registration Parameters - Determined either by a mathematical modeling 

of the warping desired, or by locating a series of control points (CP) 

for which the true locations (e.g., on the ground "Ground Control 

Points, (GCP)" or in a reference scene or framework "Relative Control 

Points, (RCP)") are known both externally and by line and pixel.

* Mapping CPs to Scene - Specific location of the source of data for 

each output pixel is required. The relatively sparse group of CP 

locations over the face of an image are used, generally by some sort 

of interpolation or mathematical formulation, to generate the required 

continuous function.

* Temporal and Mapping - For temporal overlay, CPs are often determined 

by cross-correlation of areas in the new and reference scenes. For 

mapping, image-type references are not normally available, and CP 

selection must be manual.

Geometric Interpolation Techniques - Source location for an output pixel is 

rarely precisely at an input pixel location, so that some form of inter 

polation using a group of input pixels surrounding the required source 

location is required to estimate the DN of the scene at the source location

Filtering - Spatial filtering is used to restore the high spatial 

frequencies which have been attenuated in the imaging process, to sharpen 

visible edges, to determine areas of high or low DN variance, to soften 

noise effects, to remove banding, or for numerous other functions. Spatial
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filtering is generally done by convolution, but may be accomplished by 

multiplication in spatial frequency space via a Fourier transform. Golay 

filtering minimizes isolated pixel noise in homograms (thematic maps).

Transforms - Normal image coding records the brightness at each discrete 

instantaneous field of view, IFOV, in the scene as the DN in each pixel. 

However, the energy in the scene may be grouped in other ways: the 

Fourier transform displays the two-dimensional energy content of the 

various spatial frequencies present in the scene; the Hadamard transform 

displays a related quantity based on square-wave decomposition of the 

image. Other transforms are possible and sometimes used.

MULTISPECTRAL ANALYSIS (Table 2): That set of operations involving the 

analysis of multispectral data utilizing the spectral information. 

"Multispectral analysis" is often used synonomously with "multispectral 

classification," although it properly covers all of the required operations 

involving multispectral data. Multispectral classification is the recogni 

tion of areas of uniform ground cover through recognition of the spectral 

signatures (the multispectral vector of DN for a given material). 

Classification usually results in the substitution in each pixel of a 

"name" or color representing the ground cover class in place of the 

original data.

Supervised Classifier - The computer is instructed as to the identification 

of certain known materials in the scene by the use of "training areas". 

It is then given decision rules, and instructed to display all pixels 

matching the series of materials by unique codes (or colors).
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Unsupervised Classifier - The computer first groups into a series of 

classes all of the pixels in the scene by measuring the tendency of 

pixels of a given material to cluster around a given location of multi- 

spectral space. Following this, the analyst identifies each material.

* Region growing - Pixels of a given material tend to form a series of 

groups of contiguous pixels (in image space). Thus, "All wheat pixels 

in the scene occur in a group of wheat fields, each of which is 

identifiable." Region growing is the computer process of gathering 

and displaying the pixels in the identifiable groups, after which the 

analyst may identify each.

Mensuration - the determination of areas in the image or designated sub 

section. This normally is done by simple pixel count, although for some 

purposes intra-pixel mixtures must be estimated.

Inter-Band Manipulation - For multispectral data, each spectral image is 

a "band." Operations between bands have been found to be useful for certain 

analyses.

* Functions - Various algebraic functions such as multiplication or 

division are non-linear, and produce data of a new kind. For example, 

division of a scene by a reference "flat field" scene, point-by-point, 

will tend to normalize against variation of sensor response over the 

face of the scene.

* Spectral Analysis - Analysis of selected data points to determine the 

optimum processes to be applied to the entire image. Examples are 

eigenvector analysis to determine the optimum band combinations to
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allow multispectral analysis, or the selection of optimum ratios to 

be used for display.

* Spectral Axis Rotation - Linear combination of bands, pixel-by-pixel, 

amounts to producing a new projection of the data onto a set of 

rotated axes. Rotation to the optimum angles following an eigenvector 

analysis (Karhunen-Loeve) is the most usual, but other rotation angles 

may be used for other purposes.

Statistical Operations - The set of processes and decisions required to 

carry out the multispectral analysis.

* Training Field Selection - Operator designation of areas of known 

materials or ground cover. May be done interactively or by off-line 

mapping.

* Training Statistics - Characterization of the group of pixels of the 

training area, usually as mean and variance in multispectral space 

(covariance matrix). Other measures such as texture could be used as 

a derived multivariate analysis "band" for use with the multispectral.

* Number of Spectral Bands - Analysis time goes up as the number of bands 

used increases - but so may the classification accuracy. A tradeoff 

to be made by the analyst.

* Maximum Number of Classes - For some classifiers, the time for classifi 

cation goes up with the number of classes. Another tradeoff, since the 

analyst may group classes together as desired.
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* Optimum Band Selection - Some bands, including possible ratios between 

bands, will give better class identification than will others. Some 

software is available to aid the analyst in this selection.

* Speed - Schemes using full analysis can be extremely slow; table lookup 

methods can accomplish much the same task at greatly increased speeds. 

Decision as to "optimum methods" has not been made, and may not be 

possible; differences between methods is often secondary to differences 

caused by variance in the scene or the analyst choice of training.

INPUTS (Table 3): In addition to the computer compatible tape (CCT) input 

anticipated, other input devices will be useful for other than Landsat 

MSS data.

TV Camera - For scanning input images, a local TV camera may be useful. 

This normally will be a vidicon or image dissector.

Microdensitometer - For higher accuracy, either in spatial or in brightness 

quantizations, various forms of travelling aperture devices are used. 

These commonly take the form of either drum scanners or flatbed scanners.

Digital Tapes - The tape format expected for most MSS work is the "NASA 

Landsat." Others, many of which are similar, may be encountered. NASA 

and USGS are currently trying to define a universal tape format family 

which will encompass many of the present formats.
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Analog Tapes - For some purposes, image, data may be recorded on analog 

magnetic tapes. Special analog-digital conversion is required to utilize 

: this data.

OUTPUTS (Table 4): These may be either volatile on a terminal display, 

or hard copy via line printer, image film, maps, or tables.

» Volatile outputs
&

1 * Graphics - A number of graphics displays are available - these are 

normally used for alphanumeric conversations with the analyst during 

the analysis process.

* Two-Dimensional Graphics - Some graphics terminals have the ability to 

display line drawings, graphs, cluster plots, and other diagnostic aids

* CRT for Image Display - When grey-scale or color images need to be 

displayed during the analysis, a special television-like terminal 

display is required. These displays must be continually "refreshed", 

requiring a special memory in the system to continually generate the 

required data.

* Annotation - Ability to superimpose grids, alphanumeric data and other 

information on a displayed image.
«t

j
9 t Hard Copy Outputs

* Line Printer - The normal computer printer, which may also be used to 

generate a grey-scale image by character selection and overprinting. 

For a printer having the normal 10 characters/inch and 6 lines/inch,
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a 1/24,000-scale image will be produced if the pixels are interpolated 

to be 60.96x101.60 meters IFOV.

* Film - For most analysis, the desired output product will be high 

quality film, either in black/white (B/W) or color. The latter will 

normally be generated by photographic combination of three B/W films.

* Overlays - Film output requiring the ability to convert some set of 

data such as polygon vertices to rasters.

* Maps - Output implying the capability of driving line drawing devices.

* Display Photographs - Usually for quick look or reduced-quality 

permanent copy, limited in quality by the display device.

OTHER FEATURES (Table 5)

Microprogrammable Processor - Some of the analysis steps are very time- 

consuming, even with fast general purpose computers. A number of special 

purpose devices are available to perform specified process very efficiently. 

These are usually used as peripheral devices to the normal computer in the 

system,

Present Computer - The hardware systems discussed each are based on a modern 

minicomputer. Depending on the degree of interaction, number of terminals 

serviced, displays, and other features, the size required may vary consider 

ably.

Software - Most applications programs are written in Fortran. Various 

higher-level languages may be used for parts of the system programs, and 

for some of the applications. The feature to look for here is the ability
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of the user to write and incorporate new programs as he wishes, since 

all functions cannot be defined at purchase time, and the state-of-the- 

art is continually advancing.

* Interface Mode to Analyst:

1. Batch - The analyst generates a series of commands, either at an 

interactive terminal or via card job entry. The entire series is 

run by the computer as a single job without further interaction 

with the analyst.

2. Interactive Command - The computer carries out each command as it is 

entered by the analyst, (usually) displays the results, and waits 

for the next command. In some cases, it may be possible to assemble 

or call a short series of commands (a procedure) which will be 

accomplished before receiving the next command.

3. Interactive Menu - As each command is entered by the analyst, the 

computer replies with a display which gives the analyst the choice 

of a number of options. These might be parameter entries, function 

options such as linear, log, table, or other defined types of con 

trast stretch, or entries relating to any multiple choice decisions 

the analyst must make. This mode is of particular value to the 

analyst unfamiliar with the details of the function being called, 

as it guides him through the required decisions.
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